No standard therapy for pulmonary epithelioid hemangioendothelioma (PEH) has yet been established due to the rarity of the disease, the lack of clear standards for treatment and the partial-to-complete spontaneous regression. This report describes three cases of PHE manifested as bilateral intrapulmonary masses with an initial diagnosis conducted by thoracoscopic lung biopsy. These patients demonstrated a partial response to combination chemotherapy with carboplatin, paclitaxel, bevacizumab or endostar, and an improvement in clinical status. Furthermore, we reviewed the literature regarding such patients who received chemotherapy and immunotherapy; this indicated that patients with PEH demonstrated a good partial response to chemotherapy with carboplatin, paclitaxel, bevacizumab, thalidomide and α-interferon. Overall, combination chemotherapy regimens may hold therapeutic potential for the treatment of this rare disease.
Introduction
Pulmonary epithelioid hemangioendothelioma (PEH) was originally named intravascular bronchiolo-alveolar tumor (IVBAT) by Dail and Liebow in 1975 (1) . PHE is a rare vascular tumor of low-grade malignancy and there is no clear standard for treatment. PEH typically occurs as bilateral multiple nodules among young females. PEH rarely develops as a solitary lung nodule. Unilateral single nodules may be surgically removed. Patients with diffuse lung lesions are mainly treated with chemotherapy, although no single chemotherapy agent has demonstrated efficiency in treating PEH. We describe three patients with PEH who were treated with a combination of carboplatin, paclitaxel, bevacizumab or endostar. We also review the literature on such patients who received chemotherapy and immunotherapy. The study was approved by the Ethics Committee of Shanghai Chest Hospital, Shanghai Jiaotong University, Shanghai, China. Written informed consent was obtained from the patient.
Case reports
Case 1. The patient was a 40-year-old Asian male with a four-month history of a dry cough, dyspnea and hemoptysis. The patient was a heavy smoker with an unremarkable medical history. A chest computed tomography (CT) scan revealed the presence of multiple nodules scattered in both lungs without hilar and mediastinal lymphadenopathy or pleural effusion (Fig. 1) . Initially, a bronchofibroscope examination failed to reveal any abnormalities. In order to obtain a definitive diagnosis, the tissue specimens were taken by diagnostic right thoracoscopic lung biopsy.
The histological diagnosis of PEH was based on the pathological examination. The pathological examination of the biopsied specimen revealed that the center of the pulmonary nodule was sclerotic and hypocellular, with hyalinization and calcification. The tumor cells were round with abundant eosinophilic cytoplasm, intracytoplasmic vacuolization and a signet ring-like appearance (Fig. 2) . Immunohistochemical analysis revealed that the tumor cells were positive for the endothelial markers, factor-VIII-related antigen and CD34 (Fig. 3) .
PEH disease progressed rapidly in this patient one month after pulmonary surgery. The T1-weighted magnetic resonance imaging (MRI) section examination revealed a nodular lesion in the brain, which was strongly suggestive of brain metastasis (Fig. 4) . The CT revealed a spreading of the nodules throughout both lungs three months after surgery Immunohistologically, the tumor cells were immunoreactive for CD31 and CD34, but negative for cytokeratin, S-100, CD68 and factor VIII. As a result of the examination and the laboratory findings, the patient was diagnosed with PEH. Six cycles of combination chemotherapy of carboplatin and paclitaxel were initiated. The chest CT revealed that there was no significant change in the size of the lung nodules over the period of chemotherapy, and no new metastatic lesions were detected. The patient's symptoms of pleuritic pain and an irritable cough were improved, and a marked improvement in clinical status was observed. Following 10 months of stabilization, progression of the disease was evident. The patient survived for 25 months following the initial diagnosis.
Discussion

EHE (formerly known as IVBAT) is an uncommon tumor of vascular endothelial origin, with an intermediate course between hemangioma and conventional angiosarcoma (2-5). The disease was originally described by Dail and Liebow, in 1975, as an IVBAT (1).
Immunohistochemical and electron microscopy studies revealed that IVBAT is of endothelial origin, and the tumor was renamed PEH (4) (5) (6) (7) (8) . PEH is also of multicentric origin, and extrapulmonary lesions arise from the liver, bone, soft tissue and skin. The 2004 World Health Organization Classification of Tumors regards PEH as a low-to intermediate-grade vascular neoplasm (9) .
A previous study reviewed 15 cases of this rare tumor that involved the lungs (10), while another reviewed a total of 93 cases from the literature published in 2006 (11) . The authors found that the average age of patients suffering from PEH was 40.1±17.3 years, and 73% of patients were female. Almost half of patients were asymptomatic (49.5%). Reported symptoms were dyspnea and a cough (18.3% each), chest pain (16%), hemoptysis and weight loss (6.5% each). In the present study, two of our patients who were diagnosed with PEH complained of dyspnea and chest pain, one presented with hemoptysis and all patients had a dry cough. Only one patient presented with an indolent course developing over several months prior to the diagnosis.
The hallmark of PEH that is evident on chest radiographs or CT scans is the presence of multiple perivascular nodules with well-or ill-defined margins in both lungs; however, a single cavitary nodule is also observed in PEH patients (12) . Radiographically, bilateral multiple nodular opacities are the most common presentation (62-65% in a number of studies) (3, 13) . All three of our patients demonstrated multiple nodular shadows in both lungs by chest radiography.
PEH is difficult to diagnose and thus the diagnosis may be delayed. There are only two cases of PEH diagnosed by transbronchial biopsy that have been reported in the literature (14, 15) . The majority of previously reported cases of PHE in the literature were diagnosed using open-lung or thoracoscopic biopsy specimens (14) . For this reason, our patients underwent surgery and a thoracoscopic wedge resection of the lung to confirm the diagnosis of PHE.
The diagnosis of PEH is conducted on the basis of histological features and is confirmed immunohistochemically (4, 16) . Immunohistochemistry for PEH reveals that all tumors display immunoreactivity to some or all of the vascularendothelial markers (CD31, CD34 and factor VIII) (17) . The tumors stained positively for CD34 in all three of our patients. Immunostaining for CD31 was positive in two of our patients, while factor VIII was positive in one patient.
The poor prognostic factors of PEH include the presence of respiratory symptoms or pleural effusion revealed by chest radiography on presentation; extensive intravascular, endobronchial or interstitial tumor spreading, hepatic metastases; peripheral lymphadenopathy; the presence of spindle cells in the tumor (4); and, particularly, pleural hemorrhagic effusions and hemoptysis (18) .
In patients with pleural effusion or hemoptysis, the median survival is less than one year. Furthermore, Amin et al (11) demonstrated that respiratory symptoms and the presence of pleural effusion were independent negative predictors of survival. One of our patients had hemoptysis, which placed him in the poor prognostic group.
There is no established standard treatment for PEH, due to the rarity of the disease. Surgical resection should be performed if possible, and chemotherapy appears to have little effect. Watchful waiting is an acceptable option, particularly in asymptomatic patients (19) . Radiotherapy is not effective in certain patients, due to the slow growth of the tumor cells (20) (21) (22) . Surgical resection is chosen when the PEH lesion is solitary or when the number of lesions is limited. Regular follow-up with no active therapy has been employed in asymptomatic patients with diffuse lesions (2, 3) . Although its etiology remains unknown, immunohistochemical and electron microscopy studies have revealed that PEH is of endothelial origin. Lymphatic dissemination is extremely rare, thus supporting the endothelial origin of the tumor. Vascular endothelial growth factor (VEGF) and the VEGF receptor were found on EHE tumor cells (23, 24) , suggesting that VEGF may be involved in the pathogenesis of EHE, and that VEGF inhibitors may be a potential treatment for EHE.
However, no standard therapy has been established for a case of the disease with bilateral multiple nodules (18, 25) . Certain studies have suggested that certain patients with bilateral multiple nodules may benefit from chemotherapy and immunotherapy. Although there are a small number of case reports of the effectiveness of chemotherapy, a general standard of chemotherapy has been established for PEH (14) . We reviewed the literature on those patients who received chemotherapy and immunotherapy (Table I) (2, (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) . Notably, patients with PEH demonstrated a good partial response to chemotherapy with carboplatin, paclitaxel, bevacizumab, thalidomide and α-interferon. Belmont et al (30) studied the effect of carboplatin, paclitaxel and bevacizumab in PEH, and found that one patient experienced a clinical benefit. We decided to apply the combination of carboplatin, paclitaxel and endostar as the first-line chemotherapy for the patient in Case 1, while the patient in Case 2 was treated with bevacizumab. For the patient in Case 3, we selected carboplatin and paclitaxel as the chemotherapy. During treatment, all three patients demonstrated stabilization of the disease and an improvement in clinical status. However, no change in the size of the pulmonary nodules over the period of chemotherapy was observed in any of the three patients.
It has been demonstrated that patients with PEH show a good partial response to combination chemotherapy with carboplatin, paclitaxel and bevacizumab (30) ; this particular study was the first report of the effective use of bevacizumab in treating PEH. Although no tumor response was observed in another case, the second study using bevacizumab to treat PEH, treatment with an antiangiogenic agent was observed to be relatively effective considering that PEH is a tumor of vascular origin (31) . In our cases, two patients demonstrated a good partial response to combination chemotherapy with carboplatin, paclitaxel, endostar or bevacizumab. Endostar, a recently introduced recombinant human endostatin, has been considered to be one of the most valuable antiangiogenic agents. This is the first report in which PEH is treated with endostar. Although our treatment regimens failed to stop the progress of this disease, our study may provide insights into treating this rare tumor. Further studies of treatment are warranted to provide a rational basis for using the combination chemotherapy to treat PEH. In summary, we described three patients with PEH who were treated with combination chemotherapy (carboplatin, paclitaxel, endostar or bevacizumab). All patients demonstrated stabilization of the disease and a dramatic improvement in clinical status. These cases potentially aid efforts to find an effective treatment method for this rare disease. Further research and case reports are required to contribute to the data regarding the clinical findings and the natural history of this rare tumor.
